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Introduction
Historically, methods used to identify methanotrophic bacteria in environmental samples have been inadequate because isolation and identification procedures are timeconsuming and expensive. Current microbiological techniques such as the most probable number (MPN) procedure are indirect and often fail to separate specific bacteria from other environmental microorganisms [ 11. Methanotrophic bacteria have been found to be particularly difficult to enumerate due to particle attachment compared to the majority of soil bacteria [2] . Wilson and Wilson [3] demonstrated that trichloroethylene (TCE), the most frequently observed volatile organic contaminant at Resource Conservation and Recovery Act (RCRA) sites [4] and groundwater [5] , is susceptible to cometabolism by soil communities enriched with natural gas. Methanotrophic bacteria have been isolated 
Bacteria and culture conditions.
The bacteria used in this project were obtained from the American Type Culture Collection (ATCC) as well as methanotrophic bacteria isolated from environmental samples at the SRS (Table 1) . Methanotrophic bacteria were grown in minimal salts media with 10 % methane as described [17] . All other bacteria were grown on Peptone-
Bacteria for immunoassays and immunizations were inactivated in log phase by overnight incubation at 4" C with 10 % formalin in phosphate buffered saline (PBS). Bacteria cells were then washed 3X by centrifugation and diluted to standard densities with PBS for immunization. 
Polyclonal Antibodies.
Polyclonal antibodies (Pabs) were developed in male New Zealand White rabbits at the Medical College of Georgia (MCG), Augusta, GA according to established protocol [19] . Hunter's Titermax (Sigma Chemical Co., St. Louis MO) was employed as an adjuvant. Serum was collected and frozen at -7OO-C in 100 pl aliquots.
DFA.
Immunoglobulins were isolated by ammonium sulfate precipitation from rabbit antisera having agglutination titer01280 and conjugated with fluorescein isothiocyanate @lTC). All DFAs were separated from u Sephadex G-25 columns, filtered with 0.2 pm filter, and fiozen in 100 pl aliquots at d FITC on -70°C. For analysis with DFAs, 10 pl aliquots of bacteria suspension were pipetted onto slides and dried for 10 min at 65" C. A 2% hydrolyzed gelatin solution in 10 pl PBS was then layered over the dried bacteria and allowed to dry for 10 min at 65" C .
The DFAs were then pipetted over the bacteria in 10 pl aliquots diluted 1:32 in PBS.
The slides were incubated 30 min at room temperature in a moist chamber, washed with distilled water, incubated overnight in filtered PBS, rinsed in 5% sodium pyrophosphate (NPP) and air dried. The slides with fixed samples (both pure cultures and groundwater samples) were mounted using a drop of SlowFade (Molecular Probes Inc., Eugene, OR) and examined with a LSM 310 Laser Scanning Microscope (Carl Zeiss, Inc., Thornwood, NY).
Both methanotrophic and chlorobenzene-degrading bacteria were enumerated groundwater using the DFA technique. The DFAs were pooled and tested separately for the methantrophic bacteria and CB degraders. One ml of groundwater was added to 5 ml. For ELISA 100 pl of a lo' organismshl suspension or media from MPN tubes, were added to immunoassay plate wells previously treated with polylysine. ELISA plates were treated sequentially for 1 h each with PBS containing 1% bovine serum albumen (PBSA), 100 pl of Pab, 100 pl of a 1:1000 dilution in PBS of affinity-purified horse radish peroxidase goat anti-rabbit immunoglobulins [20] . After incubation with each reagent, ELISA plates were washed 6X with PBS containing 0.05% Tween-20 on an ELISA plate washer reader. Negative controls included PBSA and normal rabbit serum. 
Environmental Sampling.
The Savannah River Site (SRS) is an 320 square mile facility located in a rural area 
Determination of microbial biomass.
Total heterotrophic bacteria were enumerated using the heterotrophic plate count technique that provides an estimate of the total number of viable aerobic and facultatively anaerobic bacteria present in the soils. Low (1%) and high (100%) concentrations of PTYG media were used to culture bacteria adapted to oligotrophic and eutrophic [21] .
Groundwater samples (1 ml) were added directly into 15 ml sterile conical centrifuge tubes containing 9 ml of NPP. Subsequent serial dilutions were made in PBS. Each dilution (0.1 ml) was inoculated onto a corresponding plate of 1 % and full strength formulation of PTYG, respectively [21] . The inoculum was evenly spread over duplicate agar plates and incubated at room temperature for 1 week prior to counting. weeks or more prior to counting.
Results and Discussion

$
The specificity of the ELISA utilizing the 18 Pabs developed for the ATCC and SRS bacteria is shown in Table 2 . Two of the Pabs reacted in both readings only with theif antigen, SC29 and SC30. The Pab preparations for the SRS isolate SCl 1 bound all other SRS isolates except SC30 (Table 2 ). Other SRS isolate preparations showed similar activity (SC12, SC13, SC14, SC15, SC18). The Pabs SC14 and SC19, seemed to bind thePseudomonas and Rhodochochrous spp tested. The Pabs against SC24 (Pseudomonas sp.) showed reactivity against other antigens in Table 2 . The detection limit of the ELISA is lo5 bacteria cells/ml. A panel of the antibodies was employed for the ELISA in testing environmental samples. Table 3 compares the MPN and ELISA method for methanotrophs with respect to positives and negatives. There was a 76% agreement between the two tests. The ELISA took 4 hours to complete while the MPN method takes 6
weeks.
Based on crossreactivity information from the ELISA all the DFAs for methanotrophic bacteria were pooled for environmental testing with the exception of SC14 and SC19. Similarly, the DFAs for SC23 and SC 26 was pooled for microbial chlorobenzene degrader analysis. Table 4) .
Identification of bacteria with pooled DFA generated against methanotrophic bacteria is readily evident in pure culture for Methylobacterium extorquens (ATCC 43645) (Fig. 1A) and detection of methanotrophic bacteria in a groundwater sample from the Sanitary Landfill (Fig. IB) . Immunofluorescent binding of DFAs generated against CB # degrading bacteria are shown for Rhodococcus rhodochrous (ATCC 14347) in pure culture Figure IC ) and chlorobenzene degrading bacteria in groundwater (Fig. 1D) .
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The immunological procedures described in this paper permit the selective enumeration of methanotrophic and chlorobenzene degrading bacteria. These methods can be used for characterization of TCE and CB degrading bacteria and for monitoring the As demonstrated in this study less than 1% of the total population could be cultured using high and low nutrient sources (Table 4) . Thus direct techniques are always greater than indirect for environmental microbiological monitoring where possible [ 121. However, the Pabs may not recognize certain bacteria in the environmental samples. But we also saw in the ELISA for methanotrophs that there were as many false negatives as positives compared to the MPN method ( Table 3 ). The relative numbers of total bacteria to CB and TCE degraders are of interest regarding the structure of the microbial community in bioremediation applications ( Table 4) . This information indicates the potential for intrinsic bioremediation of TCE at this landfill by the number of methanotrophic bacteria.
The results shown here demonstrate the effective use of immunoassays for the Table 4 Results from enumerating the total heterotrophic bacteria (1 % and 100% PYTG plates), total counts (AODC), chlo plate and DFAs, and methanotrophic bacteria from MPN and DFA counts. Table 4 Results from enumerating the total heterotrophic bacteria (1 % and 100% PYTG plates), total counts (AODC), chlo plate and DFAs, and methanotrophic bacteria from MPN and DFA counts. 
